Introduction
Ventral hernias are a common complication of abdominal surgery, with a significant impact on health care utilization and costs. In 2006, approximately 350,000 ventral hernia repairs were performed in the US, with procedure-related costs estimated at $3.2 billion (standardized to 2010 US dollars). 1 These costs did not include complications associated with ventral hernia repair (eg, infection, recurrence) , which add substantially to the cost of caring for these patients. Currently, a number of techniques are available for ventral hernia repair, and while the optimal method of repair has not been identified, primary repair with mesh reinforcement is among the most commonly used techniques. Despite a growing body of literature evaluating new techniques and outcomes, there is a lack of consensus regarding the optimal type of mesh for repair. 2 The Ventral Hernia Working Group (VHWG) developed a grading system to categorize patients based on risk of surgical site occurrences, with recommendations to guide surgeons regarding the optimal type of mesh to use. 3 The system uses patient and wound characteristics to define four grades with progressively increasing risk. Grade 3 includes potentially contaminated patients with a previous wound infection, stoma, or other procedure involving violation of the gastrointestinal tract performed concurrent with the ventral hernia repair, and grade 4 includes patients with infected mesh or septic dehiscence. In grade 3 and 4 patients, the VHWG concludes that synthetic mesh is generally not recommended and biologic mesh should be considered.
In this study, we retrospectively evaluated the health care resource utilization and costs associated with repair of grade 3 and 4 ventral hernias using primary hernia repair alone, repair using synthetic mesh, and repair using a xenograft. Health care resources included length of stay and return hospital visits for recurrences and complications. Hospital costs were estimated for initial repairs and postoperative complications/reoperations.
Materials and methods
We used 2008-2009 insurance claims from US private and Medicare plans from Truven Health Analytics MarketScan ® research databases to identify all patients who had an inpatient grade 3 or 4 ventral hernia repair between January 1 and June 30, 2008, which was designated as the "index event". Procedures were defined by Current Procedural Terminology (CPT ® ) codes 49560, 49561, 49565, or 49566 (repair initial or recurrent hernia, either incarcerated or strangulated), 49652-49657 (laparoscopy, repair, ventral/ incisional hernia, either incarcerated/strangulated) or 49659 (unlisted laparoscopic hernia repair). Patients were required to have a minimum of 12 months of continuous insurance coverage following the index event, except for death (as identified by inpatient discharge status).
Ventral hernias were grouped by grade using diagnosis and procedure codes to approximate the criteria specified by the VHWG (Table 1 ). 3 For grade 3 (potentially contaminated), relevant codes occurring in services up to six months prior to the index date were used to identify previous wound infection (including previous septicemia or dehiscence); procedure codes at index date ± 2 days identified concurrent violation of the gastrointestinal tract or stoma creation. For grade 4 (infected), infected mesh was identified if mesh was removed in conjunction with the hernia repair being graded, if debridement was performed or an abscess was drained 0-2 days prior to the index date, or if confirmed by a combination of diagnosis and procedure codes during the hospital stay. Due to limitations of the data, septic dehiscence was defined as the presence of code(s) confirming either septicemia or dehiscence at index ± 2 days. To avoid confusion in attribution of complications, patients were excluded for bariatric surgery during the index event or post-transplant status at index. Codes defining each condition are listed in the online appendix.
Patients meeting the selection criteria were classified by study arm based on CPT or Healthcare Common Procedure Coding System (HCPCS) codes: synthetic mesh was defined by HCPCS C1781 or CPT 49568 (hernia repair with mesh add-on code) in a grade 3 hernia. Xenograft was defined by CPT 15430 or 15431 (acellular xenograft implant) or HCPCS J7347 (nonmetabolic active tissue, nonhuman). Further, any grade 4 hernia repair described as CPT 49568 was assigned to the xenograft arm. This is based on coding practices in 2008 before more specific HCPCS codes were introduced, and because clinical guidelines recommend against using synthetic mesh in an infected hernia. 3 Index events involving none of the aforementioned codes were assumed to involve primary repair.
Each patient's insurance claims for an 18-month postindex (study) period were reviewed to identify services related to the hernia repair. Complications and hernia recurrences were identified by diagnosis code and/or CPT or ICD-9-CM procedure code (see online appendix) and grouped into categories for reporting purposes. A complication was 
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included if it occurred during a defined post-procedure validity period (Table 2) following the index event or a subsequent hernia repair, and excluded if analysis of claims for intervening services revealed a potential alternative cause for the complication.
The identification of infected mesh (removal) was sensitive to timing and study arm because some xenograft matrices are incorporated into the host tissue and are generally not removed after approximately 90 days, while synthetic mesh remains physically distinct and can be removed. Except for this limitation, the methodology assumes that mesh, if infected, was removed, and that mesh, if removed, was infected (detailed description in online appendix). Accordingly, infected mesh with removal was a subset of the infection category. Hospital visits/admissions subsequent to the index ventral hernia repair and involving a complication or a hernia recurrence were identified as post-index events; physician office visits were not included. Events involving multiple complication(s) were classified according to the highest priority complication present (see Table 2 ). In the analysis of patient complication rates, each complication identified in any post-index event was counted once per patient. In the analysis of event rates, each readmission or return visit for complication(s) and/or related hernia procedure(s) was counted once. Post-index event results were normalized as rates per 100 patients to facilitate comparison between study arms.
The presence of a major complication or comorbidity or any complication or comorbidity was evaluated in service claims prior to admission for the index procedure.
Morbid obesity and diabetes were identified by the presence of a defining code (see online appendix) at any point during the two-year data set.
Costs are presented from the hospital perspective. For inpatient admissions, hospital cost was estimated for each relevant Medicare Severity Diagnosis Related Group (MS-DRG) from the 2008 National Inpatient Sample, 4 using charges and hospital-specific cost-to-charge ratios, where available, and statewide average cost-to-charge ratios otherwise. Average cost per discharge was calculated in the National Inpatient Sample for adult patients and matched to the study events by MS-DRG and the presence or absence of complication diagnosis codes specific to this hernia study. 4 To avoid understating the hospital cost of extended stays, hospital cost was also computed on a cost-per-day basis using length of stay, and the greater of DRG-derived or length of stay-derived cost was applied to each discharge. For inpatient episodes including subacute care, cost was calculated according to the number of days at each level of care. For outpatient episodes, CPT codes were used to identify a primary Ambulatory Payment Classification code, for which national average hospital cost was applied, as derived from Medicare outpatient visits in 2009 by Cleverley and Associates (Worthington, OH, USA). The estimated cost of xenograft or synthetic mesh was added differentially to the index episodes in the relevant study arms. The cost applied for xenograft was $8330 per patient, based on the weighted average sales price of 10 × 16 cm, 16 × 20 cm, and 20 × 25 cm pieces of xenograft as of January 2012 (LifeCell Corporation, Branchburg, NJ, USA). For synthetic mesh, a cost of $616 per patient weighted average unit price of synthetic mesh products was used per IMS Health Incorporated (Danbury, CT, USA) data as of October 2011. The average cost was calculated per patient to show the cost contribution of each type of return event to the average total cost per patient over 18 months. All costs are presented in 2012 dollars, inflated at 3% per annum.
Statistical analysis
The results are presented as percentages, means (standard deviation), and event rates per 100 patients. Comparisons of population characteristics across study arms were carried out using either analysis of variance or Chi-square tests as appropriate. Comparisons of the downstream occurrence percentages of each complication among the study arms were carried out using Chi-square tests. Comparisons of event rates per 100 patients for each complication among the study arms were carried out using Poisson regression likelihood ratio tests. Due to the inherently skewed nature of cost data and unequal cost variances across study arms, comparisons of cost contributions between study arms were carried out using a nonparametric bootstrap randomization analysis (n = 5000 samples) for each type of complication. In addition, 95% Wald confidence limits for the study arm event rates per 100 patients are provided for each complication. Analysis of variance was used to make comparisons of length of stay across study arms. All post hoc pairwise comparisons of study arms used the Bonferroni stepdown adjustment procedure of Holm, 5 controlling the familywise error rate at 0.05. A P value , 0.05 was considered to be statistically significant. All statistical analyses were carried out using SAS/STAT software version 9.2 of the SAS System for Windows (SAS Corporation, Cary, NC, USA).
Results
Study population
A total of 744 patients received ventral hernia repairs during the first six months of 2008, comprising 538 patients with grade 3 hernias and 206 with grade 4 hernias in accordance with the VHWG grading scale (see Table 1 ). Among the grade 3 patients, 268 received repair reinforced with synthetic mesh, 214 received primary repair, and 56 received repair reinforced with xenograft. Of the grade 4 patients, 121 underwent repair reinforced with xenograft and 85 underwent primary repair. Four patients in the grade 4 group were assumed to have had synthetic mesh used during hernia repair because mesh not subsequently implanted was removed more than 90 days following the index repair. These patients were excluded from comparative analyses due to small sample size. No differences were found in population characteristics, including age, gender, and percentage of patients who were morbidly obese or had diabetes. Among grade 3 patients, significantly fewer of those with xenograft had pre-existing complications (60.7%) compared with synthetic mesh patients (75%) and primary repair patients (79.9%, P , 0.05). Table 3 shows the population characteristics of patients with grade 3 and 4 hernias. There was no statistically significant difference in average length of stay for index episodes by type of repair for grade 3 and 4 patients ( Table 4 ). Grade 4 patients stayed in hospital 4.8 days longer, on average. Laparoscopic repair was used in 8% of index events (10% in grade 3 patients; 1% in grade 4 patients). CPT 15734 (muscle-skin graft, trunk) was identified in 5% of index events (4% in grade 3; 8% in grade 4).
Complication rates in study arms
Grade 3 xenograft patients had the lowest overall complication rate (17.9%) over 18 months compared with synthetic mesh (36.9%) and primary repair (24.3%, P , 0.05); the difference between xenograft and primary repair was nonsignificant. In each defined category of complication for which differences were significant, synthetic mesh patients experienced the highest complication rate, including mesh removals, infection and graft/mesh/ wound complications, and "other" complications ( Table 5) . Among grade 4 patients, the difference in overall complication rates between xenograft and primary repair was not significant ( Table 7 ).
Post-index returns for grade 4 patients
Return rates for grade 4 patients showed less variability between the study arms. Patients repaired with xenograft were significantly less likely to return for bowel obstruction or other gastrointestinal complications compared with primary repair patients (9.1 returns/100 patients versus 43.2 returns/100 patients, respectively, P , 0.0001), but were more likely to return for treatment of "other" complications (19.0 returns/100 xenograft patients versus 7.4 returns/100 primary repair patients, P = 0.0398). Xenograft patients had 5.8 returns per 100 patients for infected graft material. Differences in return rates for the other defined categories of complications did not achieve statistical significance, nor did the difference in overall return rates (85.1 returns/100 patients versus 97.5 returns/100 patients for xenograft and primary repair patients, respectively) (Table 8 ). In the "other complication" category, the vast majority of return visits following repair of both grade 3 and 4 hernias involved skin and tissue complications; most common was a nonhealing surgical wound (ICD-9-CM diagnosis 998.83).
Treatment costs
Xenograft patients had the most costly initial repair procedure in the grade 3 group ($28,919), but this was not significantly different from primary repair ($23,473) . Both xenograft and primary repair were significantly more costly than synthetic 
Discussion
To our knowledge, this is the first study to access a large medical insurance claims database to report on costs and health resource utilization associated with repair of complex ventral hernias and comparing methods of surgical repair. Our study focused on patients with particularly challenging hernias, classified as grade 3 and 4 based on recommendations from the VHWG, due to the presence of infection or potential contamination.
We found no significant differences in overall 18-month hospital costs between synthetic mesh, xenograft, or primary repair in grade 3 and 4 patients, but the distribution of costs varied significantly by study arm. Index hospitalizations were more expensive in the xenograft arm, largely due to the cost of xenograft. However, for grade 3 patients, xenograft repairs had the lowest incidence of downstream complications, the lowest return rate among the three study arms, and the lowest cost of complications. Synthetic mesh patients fared least well in grade 3 hernia repairs; the incidence of complications was nearly twice as high in this arm compared with the xenograft arm (36.9% versus 17.9%, P , 0.05), return rates were nearly three times higher (195.1 events/100 infections characterizing this group of patients at initial repair. Initial repairs were much costlier for grade 4 patients compared with the grade 3 group, in large part due to a greater length of stay; grade 4 patients stayed in hospital nearly twice as long as grade 3 patients and cost a minimum of about $10,000 more for the initial repair.
The results of our study suggest that downstream complications result in frequent returns for additional services and are a significant contributor to the economic cost of ventral hernia repair during the first few years subsequent to surgical repair. In grade 4 patients, the overall costs were similar between xenograft and primary repair. Among grade 3 patients, the higher costs and complication rates observed with synthetic mesh support use of biologic mesh or primary repair for these cases. This supports the recommendations of the subsequently published VHWG recommendation against the use of permanent synthetic material in open repairs of grade 3 incisional ventral hernias. Based on these findings, hospitals, health plans, and surgeons should carefully weigh the higher initial cost of biologic matrices against the reduced complications and costs post-procedure. These results also provide a basis for future comparisons of cost-effectiveness in ventral hernia repair, particularly in the setting of infection or contamination.
Studies using insurance claims databases have inherent limitations because analysis is limited to services reported by diagnosis and procedure codes, which lack the precision 
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Notes: *Nonparametric bootstrap (5,000 replications) indicates at least one study arm has a significantly different mean cost for that episode; a,b post-hoc pairwise comparisons of bootstrap means were carried out using the Bonferroni stepdown adjustment procedure of Holm controlling the familywise error rate at 0.05. Study arms connected with the same letter are not significantly different (P . 0.05). Abbreviation: SD, standard deviation. Infected mesh removal 5.8 (2.3, 11.9) 0.0 (0) * Infection 21. 5 (14.6, 31.6) 22.2 (14.0, 35.3) 0.9128 Graft/mesh/wound complication 11.6 (6.9, 19.5) 12. 3 (6.6, 22.9) 0.8757
Hernia recurrence 10.7 (6. 2, 18.5) 12.3 (6.6, 22.9) 0.7419 Seroma 7.4 (3.4, 14.1) 0.0 (0) * Bowel obstruction/ other gastrointestinal complication 9.1 (5.0, 16.4) 43 . 
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of medical chart data. In particular, insurance data fields offer no means to compare hernia size, nor do they clearly distinguish the reasons for surgical mesh removal; further, they do not support detailed analyses of the use of inhospital services that may affect hospital costs. Additionally, some complications may not be reported accurately using ICD-9 codes. We noted, for example, the absence of seromas in grade 4 primary repairs even though seromas are known to be a common event and were found in 3.3% of patients undergoing primary repair of a grade 3 hernia. Further, our inability to classify removed mesh as infected in a definitive way could have affected our classification of hernias as grade 4 versus grade 3. Also, the retrospective nature of this analysis makes it difficult to control directly for other factors that may influence outcomes. Nevertheless, insurance claims offer a means for preliminary assessment of alternative surgical approaches in large patient populations, enabling comparison of alternative surgical approaches performed contemporaneously in multiple centers and geographic regions.
Conclusion
In this study of patients with complex ventral hernia, clinical outcomes and costs associated with synthetic mesh repairs compared unfavorably with both xenograft and primary repair in nearly every category of comparison. Xenograft and primary repair patients had similar outcomes in most categories, although xenograft patients had lower return rates for treatment of complications overall and infection, particularly in grade 3 patients. Further prospective, controlled comparative studies of outcomes and costs are warranted.
Supplementary online appendix Patient inclusions: grade 3 or 4 hernia
Grade 4 hernia (infected) was assigned for infected mesh or septic dehiscence. If mesh was removed in conjunction with the hernia repair, it was assumed to be infected. Infected mesh was identified as one of the following: CPT code 11008 (remove mesh from abdominal wall); the presence of a CPT code indicating draining of an abscess or debridement (11005, 11010, 11011, 11040, 11042, 11043, 44900, 49020, 49021, 49040, 49041, 49060, or 49061 ) concurrent with the index hernia repair or within the preceding two days; or the presence of one of the following CPT codes for hernia repair (49565, 49566, 49568, 49656, 49657, 49659, S2075, or S2077 ) and a diagnosis code indicating infection (551.20, 551.21, 551.29, 569.5, 569.61, 569.81, 682.2, 682.9, 686.8, 686.9, 728.86, 785.4, 879.3, 879.5, 879.7, 879.9, 958.3, 995.91, 996.60, 996.69, 998.51, or 998.59 ) concurrent with the index hernia repair or within the preceding two days.
Due to limitations of the data set, septic dehiscence was defined as the presence of diagnosis code(s) confirming either septicemia (003.1, 036.2, 038, 038.0, 038. 1, 038.10, 038.11, 038.12, 038.19, 038.2, 038.3, 038.4, 038.40, 038.41, 038.42, 038.43, 038.44, 038.49, 038.8, 038.9, 054.5, 449, 785.52, or 790.7) or dehiscence (998. 3, 998.31, or 998.32 ) in a claim for a single date of service within two days before or after the index date. (Claims covering a range of dates, such as hospital bills, were excluded because conditions present on admission cannot be distinguished from conditions developing postoperatively during the hospital stay).
Grade 3 (potentially contaminated) was assigned to hernia repairs involving a previous wound infection, violation of the gastrointestinal tract, or creation/revision of a stoma concurrent with the index hernia repair. Diagnosis codes occurring in services during 2008 prior to the index date were used to identify previous wound infection (551.20, 551.21, 551.29, 566, 569.5, 569.61, 879.3, 879.5, 958.3, 995.91, 995.92, 996.6, 996.60, 996.68, 996.69, 998.5, 998.51, or 998.59; or any code for septicemia or dehiscence, as defined for grade 4 above). Stoma creation was defined by CPT code 43886, 44151, 44152, 44153, 44155, 44186, 44187, 44188, 44201, 44203, 44206, 44210, 44211, 44212, 44227, 44300, 44310, 44312, 44314, 44316, 44320, 44322, 44340, 44345, 44346, 44500, 44605, 44700, 45136, 45355, or 57307 . Violation of the gastrointestinal tract was identified by CPT code 38780, 38792, 43330, 43499, 44151, 44152, 44153, 44155, 44186, 44188, 44201, 44206, 44210, 44211, 44212, 44227, 44310, 44312, 44314, 44316, 44320, 44322, 44340, 44345, 44346, 44605, 45136, or 57307. Patient exclusions: post-transplant status or concurrent bariatric surgery Patients were excluded if diagnosis codes present during or before the index hospitalization showed a history of major organ transplantation (996.8, 996.80, 996.81, 996.82, 996.83, 996.84, 996.86, 996.87, 996.89, V42.0, V42.1, V42.2, V42.4, V42.6, V42.7, V42.83, or V42.84) , or if CPT codes during the index hospitalization indicated concurrent bariatric surgery (43644, 43645, 43770, 43771, 43772, 43773, 43774, 43842, 43843, 43845, 43846, 43847, 43848, 43850, 43855, or 43860) .
Descriptive characteristics
Morbid obesity
Consistent with coding usage in 2008, morbid obesity was identified by diagnosis codes 278.01 (obesity, morbid) or V85.4 (body mass index $ 40, adult).
Diabetes
Diabetes was defined as presence of a diagnosis code beginning 249 or 250, or any of the following codes: 253. 5, 790.2, 790.21, 790.22, 790.29, 791.5, 791.6, V45.85, V53.91, or V65.46 .
Complications
Infected mesh
Any downstream episode with CPT 11008 OR, in the synthetic mesh study arm, any downstream episode with ICD9 diagnosis codes 996.60 or 996.69 or a combination of diagnosis and procedure codes*; in the xenograft study arm, any downstream episode with ICD9 diagnosis codes 996.60 or 996.69 or a combination of diagnosis and procedure codes* if the episode occurred within 90 days following the index event (otherwise, the classification changes to infection); in the primary repair study arm, any downstream episode with ICD9 diagnosis codes 996.60 or 996.69 or a combination of diagnosis and procedure codes* occurring subsequent to a post-index implantation of mesh (otherwise, the classification changes to infection).
*The qualifying combination of diagnosis and procedures is an episode that includes a hernia procedure code (CPT code 49560, 49561, 49565, 49566, 49652, 49653, 49654, 49655, 49656, 49657, 49659, S2075, S2077, 11005, 11010, 11011, 11040, 11042, 11043, 44900, 49020, 49021, 49040, 49041, 49060, or 49061; or ICD-9 procedure code 46.42, 53.51, 53.59, 53.61, 53.69, 53.9, 54.0, 54.12, 54.3, 54.59, 54.72, 83.44, 86.04, 86.22, or 86.28 ) AND confirmation of infection from a diagnosis code (958. 3, 995.91, 998.51, 996 .69, submit your manuscript | www.dovepress.com
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